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Abstract. Interfilamental cell-connections are considered important characters in the suprageneric and generic 
taxonomy of present-day nongenieulate coralline algae but to date they have not been used in the taxonomy 
of fossil corallines. SEM observations of polished and etched specimens allow recognition of interfilamental 
cell connections in fossils and therefore these characters can also be applied to the taxonomy of ancient 
coralline algae. The shape and number of epithallial cells, which are important diagnostic features in delimiting 
genera in the subfamily Melobesioideae, can also be recognized. The implications of this work are that many 
fossil corallines have to be reassigned to different genera and can also be assigned to the subfamily classification 
used for present-day corallines. An identification key is given, which permits identification of the known fossil 
Cenozoic coralline algae using similar criteria to those used for modern corallines. 

Traditionally, generic and suprageneric taxonomy of present-day nongenieulate corallines 
was based on the characteristics of tissues and reproductive structures, which could be easily 
recognized in fossil material with normal microscope procedures. As summarized by Wray (1977), 
diagnostic supraspecific criteria for present-day and fossil material included: (a) type and location 
of conceptacles; (b) character of hypothallium; (c) character of perithallium, and (d) presence or 
absence and arrangement of heterocysts (trichocytes). 

More recently, Johansen (1969) discovered that interfilamental cell-connections (Text-fig. 1a-b) 
may be used as important characters to delimit coralline algal subfamilies. Since, Cabioch (1971, 
1972), Adey and Johansen (1972), Johansen (1976, 1981) and Woelkerling (1987, 1988), employed 
the type of cell-connections in both the suprageneric (Table 1), and generic taxonomy of corallines, 
and this point of view seems now to be widely accepted by botanists working with modern 
corallines. 

In addition to the above characters, Adey (1970) employed the shape of epithallial cells as 
diagnostic features in delimiting some genera. The number of epithallial cells was also considered 
by Johansen (1976) to be of diagnostic significance at the generic level and even the pattern of cell 
elongation was used in distinguishing supraspecific taxa (Adey 1964; Adey and Johansen 1972; 
Woelkerling and Irvine 1986). Other anatomical features hardly observable or preservable in fossil 
specimens, such as the emplacement of conceptacle primordia (Adey 1964; Adey and Johansen 
1972), the pattern of spore germination (Chamberlain 1983), the presence of haustoria (Woelkerling 
1988) and the presence of plugs in conceptacle pores (Woelkerling 1987, 1988), have also been 
introduced as diagnostic criteria in generic and suprageneric coralline taxonomy. 

Many of these characters have not been recognized in fossil material and therefore the taxonomy 
of present-day corallines has become separate from the taxonomy of fossil corallines. These 
differences between the palaeontological and neontological classifications led Wray (1977, p. 58) to 
assume the impossibility of using these new criteria in dealing with fossil algae and led Poignant 
(1984, p. 603) to conclude that the generic taxonomy of fossil corallines must be independent of that 
of modern algae. 

The aim of this paper is to show that key features such as cell-connections are commonly 
preserved and can be recognized in fossil corallines. Epithallial cells and meristems are also 
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text-fig. 1 . Scheme of the two types of interfilamental cell connections, a, secondary pit connections. B, cell 
fusions. 


table 1. Subfamily classification of the nongeniculate coralline algae (from Johansen 1981, Woelkerling 1987, 
1988). 


Subfamily 

Cell fusions 
joining contiguous 
filaments 

Secondary pit 
connections joining 
contiguous cells 

Sporangial conceptacles; 
tetraspores 

Lithophylloideae 

No 

Yes 

Uniporate; 

tetraspores lacking plugs 

Melobesioideae 

Yes 

No 

Uniporate; 

tetraspores lacking plugs 

Mastophoroideae 

Yes 

No 

Multiporate; 
tetraspores with plugs 

Choreonematoideae 

No 

No 

Uniporate; 

tetraspores with plugs 


sometimes calcified and can occasionally be observed in fossil material. Using appropriate SEM 
techniques we show that it is possible to use the same taxonomic criteria, whether the material is 
fresh, dried or fossilized, and that fossil material can be identified at generic and subfamily level 
using the taxonomic systems currently used by botanists (Table 1; Woelkerling 1988). It is crucial 
for understanding the history of the group and to developing the potential of these algae for 
palaeoenvironmental interpretations that the taxonomy of fossil and present-day corallines is as 
close as possible. 


METHODS 

Thin sections 

Fossil corallines are commonly studied in thin sections using petrographic optical microscopes. It 
is important to emphasize that the algal thalli must be properly orientated in order to visualize the 
tissue organization and the conceptacle morphology. Usually two types of sections are needed for 
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this purpose: one parallel to the direction of filament growth and perpendicular to the thallus 
surface, and the other perpendicular to the direction of filament growth for measurement of cell 
diameters. Observations made in sections with other orientations may help in recognizing 
anatomical features but data obtained exclusively in sections other than the two basic orientations 
can be misleading. There are many examples in the literature of incorrect interpretations of tissue 
organization of fossil coralline species, which are based on inadequate or insufficient sections. Thin 
sections should be thinly ground and ideally should be not much thicker than the cells are wide 
(usually less than 20 //m). Thick sections preserve a number of superimposed filaments and cells 
which are difficult to interpret. 

SEM techniques 

The procedure which we have found to produce the best results is to prepare samples of fossil 
corallines for scanning electron microscopy following the steps below. 

(a) Thalli are split with the aid of a small chisel or wire cutters into 5 to 10 mm pieces which are 
the most convenient size for handling. 

(b) These pieces are oriented and embedded in a resin and the surface is cut and polished. Two 
sections should be made; one parallel to, and the other perpendicular to the direction of filament 
growth. The specimen is oriented best with a dissecting microscope. 

(c) The polished surface is etched with EDTA (7% vol.) or HC1 (2% vol.). The appropriate 
etching time largely depends on the diagenesis of the sample but, for most specimens, 3 minutes 
using EDTA and one minute using HC1 yields good results. Cell size in the coralline thallus also 
influences the appropriate etching times. 

(d) The samples must then be mounted on stubs and coated with carbon and/or gold following 
standard scanning microscopy procedures. 

The procedure used in preparing modern corallines, by simple fracturing of thalli prior to 
mounting and coating of the sample, does not give good results in fossil material as diagenetic 
features obscure the original tissue characteristics. After the polishing and etching of fossil coralline 
thalli, however, original cell walls and successive cements are clearly distinguishable (PI. 1, figs 1-2) 
and the structure of calcified tissues is observable at magnifications similar to that used by botanists. 
We have found that sometimes cell walls etch positively and sometimes negatively with respect to 
the cements infilling the cell cavity. This occurs in material from the same horizon which has been 
etched in the same way. We have no explanation as to why this should occur, but would expect the 
smaller-celled micritic walls (with larger surface areas) to react faster to etching and preferentially 
to dissolve out. 


RESULTS 


Cell connections 

The types of interfilamental cell-connections are considered a diagnostic feature in delimiting 
subfamilies, and hence genera, of present-day corallines. With the SEM or optical thin-section 
procedure described above, interfilamental cell fusions are easily recognizable in fossil corallines (PI. 
1, figs 1-2; Bosence, in press) and therefore we are able to use this character for the first time in 
taxonomy. Cell fusions can be seen as voids extending from a cell of one filament to a cell or cells 
of contiguous filaments. Cement(s) lining these voids delineate the original shape of fused cells and 
clearly distinguish these original tissue features from fractures or later recrystallization of coralline 
skeletons. In addition, diagenetic recrystallization of cell walls occurs in patches and not in discrete, 
lateral intercell connections. Secondary pit-connections, although observable in some cases (PI. 1, 
fig. 3), are more difficult to recognize as they are too small to allow cements to penetrate and fill 
them. When cell fusions are absent, and the interfilamental cell-connections are secondary pits, 
filaments appear as continuous and aligned rows of cells which are clearly delimited from adjacent 
ones by continuous cell walls (PI. 1, fig. 4). 

When the sample preparation for SEM work described above is applied to present-day coralline 
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thalli, the results are similar to those obtained in fossil corallines. Cell fusions are infilled by 
impregnating resin or by cements in the older parts of the thallus. The response of these infillings 
to etching is different from that of the calcified cell walls and the different final relief shows the 
structure of tissues (PI. 1, fig. 5). Secondary pit-connections usually remain as empty, small holes 
in the cell walls and are only visible occasionally as cement moulds. When cell fusions are absent 
however, filaments are continuous and aligned, and clearly delimited from contiguous ones (PI. 1. 
fig. 6). 

In thin section the interfilamental cell-connection type is also recognizable, although it is initially 
less clear and unequivocal. Coralline tissues with interfilamental cell fusions have a spongy 
appearance in thin section, i.e. they are made up of irregularly sized and shaped cells, and cell 
fusions are visible as discontinuities in lateral cell walls (PI. 2, fig. 1). Fracturing and recrystallization 
of tissues, however, may be misleading and hardly distinguishable from original features of tissue 
at the low magnifications usual in optical microscopy. When cell fusions are absent the tissue in thin 
section shows clear and continuous filaments which give a tissue a characteristic structure (PI. 2, 
fig. 2). 

As an example of the taxonomic implications of these microstructural studies in fossil corallines 
we have re-examined two late Miocene coralline species from southern Spain and Malta (see 
Systematic Palaeontology section below). The evidence obtained from SEM analysis substantially 
changes the subfamilial and generic ascription which would have been previously applied to these 
species following traditional palaeontological taxonomy. In both examples, SEM analysis clearly 
shows the presence of cell fusions (PI. 1, figs 1-2). These may also be seen in thin sections (PI. 2, figs 
1, 3) and can be confirmed by SEM. Together with the tetra-bisporangial uniporate conceptacles 
and non-genieulate thallus, these morphological characters undoubtedly place these species in the 
subfamily Mastophoroideae (Table 1; Woelkerling 1988). 

These examples indicate major changes in the taxonomic status of some, or even many, fossil 
Cenozoic coralline species. The recognition of cell fusions will require species with uniporate 
tetra/bisporangial conceptacles, and considered in the past to be members of the subfamily 
Lithophylloideae, to be transferred to the subfamily Mastophoroideae. In our experience, many 
fossils previously ascribed to Lithophyllum in the Mediterranean Tertiary are probably either 
Spongites or Neogoniolithon . There are no previous references to Tertiary Spongites apart from our 
preliminary work on this project (Bosence in press; Braga et al 1990; Braga et al 1991), as 
Spongites has been a long-overlooked genus until its reassessment by Woelkerling (1985). Segonzac 
(1972, 1990) referred several coralline species from the Neogene of eastern Spain to Neogoniolithon 


EXPLANATION OF PLATE 1 

Figs 1-2. Spongites sp. 1. Museo de Paleontologia Universidad de Granada, Sample TJ-21; Almanzora 
Corridor, Almeria, Spain; upper Tortonian. 1, longitudinal section of perithallial filaments showing lateral 
cell fusions (arrows) preserved by infilling cement; direction of growth towards top of figure, x 450. 2, detail 
of Fig. 1 showing lateral cell fusions (arrows), x 900. 

Fig. 3. Lithophyllum sp. BMNH, V.63740; secondary pit connection (arrow) between adjacent perithallial 
cells; cell walls have been etched by HC1; Malta; upper Tortonian, Upper Coralline Limestone Formation 
(location 39 of Bosence 1983), x 2000. 

Fig. 4. Lithophyllum sp. Museo de Paleontologia Universidad de Granada, Sample TJ-25; longitudinal section 
showing continuous cell and filament walls; direction of growth towards top right; Almanzora Corridor, 
Almeria, Spain; upper Tortonian, x 500. 

Fig. 5. Spongites sp. Museo de Paleontologia Universidad de Granada, Sample PR-8; Recent specimen in 
longitudinal section with resin infill to cell cavities and etched cell walls showing lateral cell fusions; 
La Caleta, Cadiz, Spain, x 500. 

Fig. 6. Lithophyllum sp. Museo de Paleontologia Universidad de Granada, Sample PR-10; longitudinal view 
of Recent specimen showing filaments with continuous filament walls and secondary pit connections 
(arrows); La Caleta, Cadiz, Spain, x 500. 




PLATE 1 
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but the diagnostic criteria used in this assignment were not stated. Neogoniolithon has been 
described from the Oligocene of Italy (Mastrorilli 1967) but the distinctive hypothallium was not 
illustrated. Poignant (1977) described a coralline from the Palaeocene of the Paris Basin, France, 
which he considered to be the earliest record of Neogoniolithon. However, the illustrated 
"megacytes’ or "cellules geantes’, that are diagnostic for Neogoniolithon , are very large, have 
irregular shapes and thick micritized walls, and may be borings into the coralline tissue, and not 
trichocytes. His detailed micrograph of the perithallial tissue does not indicate cell fusions; we 
consider this to be an incorrect assignment. 

Using microstructural analysis we can utilize the same subfamily-level taxonomy for fossil 
nongeniculate corallines as is currently being employed for present-day corallines, with the 
exception of the monogeneric subfamily of small epiphytic plants of the Choreonematoideae 
(Woelkerling 1987) distinguished on the basis of the occurrence of plugs in uniporate sporangial 
conceptacles. This subfamily, however, is also apparently characterized by the absence of any 
interfilamental cell-connection (Woelkerling 1988), a feature that presumably can be used for 
recognition in fossil material. The other three subfamilies are delimited by the type of cell- 
connections and the number of pores in tetra/bisporangial conceptacles, which are preserved (see 
identification key, Table 2). 

Epithallial cells 

Epithallial cells and initials have rarely been described in fossil material but they are preservable, 
at least in some cases. They are mineralized (Steneck and Paine 1986) and may be preserved, 
particularly when surrounded by micrite. In addition, coralline thalli can be overgrown by other 
crusts or other organisms and Voight (1981) described the surface view of epithallial cells of Fosliella 
preserved by overgrowth ("bioimmuration’) of encrusters. 

Detailed SEM research has allowed us to recognize epithallial cells in vertical section and to 
employ their characters in delimiting genera, which are currently indistinguishable in thin section. 
This appears to be the only way of understanding the taxonomy of genera within the Melobesioideae 
(e.g. Lithothamnion , Pliymatolithon and Clathromorphum). Text-figure 2a-b shows the characteristic 
flat epithallial cells of Lithothamnion in a fossil example from the upper Miocene of NE Spain. 
Epithallial cells are recognizable in fossil Melobesioideae and therefore modern taxonomy can be 
applied to corallines which currently are all assigned to Lithothamnion. 


EXPLANATION OF PLATE 2 

Fig. 1. Spongites albanensis (Lemoine) comb. nov. BMNH V.60928; noncoaxial hypothallial tissue (below) 
and perithallial tissue above in thin section; note the irregular grid of perithallial tissue and cell fusions 
(arrowed); Malta; upper Tortonian, Upper Coralline Limestone Formation, x 125. 

Fig. 2. Lithophyllum sp. Museo de Paleontologia Universidad de Granada, Sample TJ-31; detail of perithallial 
tissue in longitudinal section, showing continuous filament walls; Almanzora Corridor, Almeria, Spain; 
upper Tortonian, xl50. 

Figs 3-4. Spongites albanensis (Lemoine) comb. nov. Museo de Paleontologia Universidad de Granada, Sample 
PUR-63; Almanzora Corridor, Almeria, Spain; upper Tortonian. 3, perithallial tissue in thin section 
showing bean-shaped conceptacles, irregular grid or spongy aspect and cell fusions (arrows), x 100. 4, SEM 
view of polished and etched perithallial tissue showing cell fusions (arrowed); direction of growth towards 
top left, x 200. 

Figs 5-6. Spongites sp. 1. Museo de Paleontologia Universidad de Granada, Sample PUR-28; Almanzora 
Corridor, Almeria, Spain; upper Tortonian. 5, longitudinal section of hypothallial filaments illustrating 
noncoaxial arrangement of cell divisions and overlying perithallial tissue with cell fusions, x 150. 6, irregular 
grid or spongy perithallial tissue and uniporate flask-shaped conceptacles; direction of growth towards top, 
x 40. 
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text-fig. 2. Lithothamnion sp. 2. Museo de Paleontologfa Universidad de Granada, Sample ELX-13; SEM 
view of epithallial cells (arrowed) in polished and etched section; Elche, Alicante, Spain; upper Tortonian. 
a, general view of thallus embedded in fine-grained matrix, x 200. b, details of flattened epithallial cells, above 
rectangular perithallial cells with deeply etched cell walls, x 1000. 


IDENTIFICATION KEY 

There have been several identification keys published for both present-day (e.g. Adey and 
MacIntyre 1973) and fossil (e.g. Poignant 1979) coralline algae. The former has the drawback of 
including characters which are not recognizable in fossils and the latter includes non-diagnostic 
criteria (e.g. alignment of cells) within the key; both are outdated by the information presented in 
this paper. A key published by Woelkerling (1988) for the identification of present-day corallines 
can be followed, but uses many terms which are unfamiliar to palaeontologists. We present a new 
key (Table 2) for the identification of fossil coralline algae which follows both the revised 
subfamilial classification presented in Table 1, and the generic classification summarized in 
Woelkerling (1988) with some additional details from Chamberlain et al. (1991) and Penrose and 
Woelkerling (1992). It includes diagnostic criteria for all non-geniculate corallines which we know 
have been described from fossil material. For those unfamiliar with coralline algal morphology we 
recommend that the key should be used alongside Woelkerling’s (1988) monograph. 


SYSTEMATIC PALAEONTOLOGY 

Division rhodophyta Wettstein, 1901 
Class rhodophyceae Rabenhorst, 1863 
Order corallinales Silva and Johansen, 1986 
Family corallinaceae Lamouroux, 1812 
Subfamily mastophoroideae Setchell, 1943 
Genus spongites Kutzing, 1841 

Lectotype species'. Spongites fructiculosa Kutzing, 1841; designated by Woelkerling (1985). 

Diagnosis : Nonendophytic Mastophoroideae lacking a basal layer of palisade cells and coaxial 
hypothallium. Pore canals of tetrasporangial conceptacles bordered by cells that arise from 
peripheral filaments, protrude into the canals and are subparallel to the conceptacle roof (Penrose 
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table 2. Key to Cenozoic coralline algal genera using characters preservable in the fossil record. We do not 
include here (a) the small, epiphytic and taeniform and weakly calcified corallines which are unknown as 
fossils (Woelkerling 1988) or (b) Aethesolithon (Johnson 1964) which has distinctive vegetative tissue but 
unknown conceptacles. Monomerous - a type of thallus construction involving a single system of repeatedly 
branched filaments. Dimerous - a type of thallus construction involving two distinct groups of filaments 
orientated more or less at right angles to one another (Woelkerling 1988). 


1. Tetra/bisporangial conceptacles uniporate, cell fusions absent (secondary pits present, but 
probably not preserved); trichocytes absent (LITHOPHYLLOIDEAE). 

I. Thallus dorsiventral 

i. Hypothallium palisade, single layered; margins bistratose (hypothallium and 

epithallium, if preserved, only) - Titanoderma 

(formerly Dermatolithon and most Tenarea) 

ii. Hypothallium mainly non-palisade, single or multistratose, coaxial 

or non-coaxial; margins multistratose- Lithophyllum 

II. Thallus isobilateral (back to back); crusts with medulla of two layers of palisade 

cells (unknown as fossil) - Tenarea 

2. Tetra/bisporangial conceptacles uniporate; cell fusions present (secondary pits absent); 
trichocytes present or absent (MASTOPHOROIDEAE). 

I. Thallus thin, 2-3 (5) cells thick. 

i. Hypothallium unistratose, small celled; perithallium absent, thin, or only 

around conceptacles - Fosliella 

(currently indistinguishable from Pneophyllum in fossil material). 

ii. Multiple overgrowths of large (> 10-15 pm diameter) hypothallial cells- Lithoporella 

II. Thallus composed of numerous layers of cells. 

i. Pore canal of tetrasporangial conceptacles bordered by a ring of elongate and 

conspicuous cells subperpendicular to the roof surface; cell filaments 
subperpendicular to the roof surface - Hydrolithon 

ii. Pore canal of tetrasporangial conceptacles bordered by cell filaments 

subparallel to the roof surface and protruding into the canal 

a. Hypothallium coaxial; trichocytes absent, single or in vertical or 

horizontal stacks - Neogoniolithon 

b. Hypothallium non-coaxial; trichocytes absent, single, or in vertical or 

horizontal stacks- Spongites 

3. Tetra/bisporangial conceptacles multiporate or sporangial sori; cell fusions present 
(secondary pits absent) (MELOBESIOIDEAE). 

I. Tetra/bisporangial conceptacles multiporate. 

i. Thallus dimerous. Hypothallium unistratose, small celled; perithallium 

reduced - 

ii. Thallus monomerous, composed of numerous layers of cells 

a. Hypothallium coaxial; epithallium thin and unknown in fossil - 

b. Hypothallium non-coaxial 

1. Epithallial cells flat; epithallium one-cell thick- 

2. Epithallial cells not flat 

a. Epithallium several-cell thick; (unknown as fossil)- 

b. Perithallial cells show elongation down from meristem; 

epithallium thin and difficult to recognize in fossils - 

(currently indistinguishable from Leptophytwn in fossil material) 

II. Tetrasporangia in sori; hypothallium non-coaxial. Epithallium thin and unknown 

in fossil - Sporolithon 

(formerly Archaeolithothamnium) 


Melobesia 

Mesophyllum 

Lithothamnion 

Clathromorphum 

Phymatolithon 
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and Woelkerling 1992). In fossil material cell filaments more or less parallel to the conceptacle roof, 
sometimes protruding into pore canals, can be easily recognized. 


Spongites albanensis (Lemoine) comb. nov. 

Plate 2, figs 1, 3-4 

1924 Lithophyllum (?) albanense Lemoine, p. 281, text-figs 8-9. 

1939 Lithophyllum (?) albanense Lemoine; Lemoine, p. 105, text-figs 75-77. 

1983 Lithophyllum albanense Lemoine; Bosence, p. 160, pi. 17, figs 1*4; text-fig. 7. 

1988 Lithophyllum albanense Lemoine; Braga and Martin, p. 295, fig. 9. 

Type specimens. The type material of this species, originated from the Burdigalian of Koritza (Albania), has 
not been located and seems to be lost. It was illustrated by Lemoine (1924, text-figs 8-9). 

Description. Thalli monomerous, forming crusts up to 2 mm thick, which develop into branching protuberances 
2-6 mm in diameter and up to 40 mm long. Plumose hypothallium up to 300 pm thick; the cells of which are 
irregular in size and shape, 15-30 pm (mean 20 pm , s.d. 4) long and 9-15 pm (mean 13 pm , s.d. 2) in diameter 
(PI. 2, fig. 1). The perithallial filaments have the aspect of a zoned, spongy grid, both in crusts and in 
protuberances, where they are radially arranged (PI. 2, fig. 3). The cells in this part of the thallus are also 
irregular, 12-20 pm (mean 15//m, s.d. 2-2) long and 8-13 //m (mean 10 pm s.d. 1*2) in diameter. Fusions 
between cells of contiguous filaments are common in the perithallium (PI. 2, figs 1, 3-4) and occasional in the 
hypothallium. 

All the fertile plants bear uniporate conceptacles. They are bean-shaped in section, 400-640 pm (mean 
540 /mi, s.d. 60) in diameter and 160-220 pm (mean 190 pm , s.d. 25) high (PI. 2, fig. 3). Pores are surrounded 
by fans of cell filaments (PI. 2, fig. 3). 

Remarks. This species ascribed to Lithophyllum has been reported in the Miocene sediments from 
many Mediterranean localities. Our material comes from the Miocene of Malta (Bosense 1983) and 
Almeria, Spain (Braga and Martin 1988) and in both cases was assigned to Lithiophyllnm albanense. 
The tissue of this species, however, shows clear and abundant cell fusions when observed with the 
above described SEM method (PI. 2, fig. 4) and in thin section (PI. 2, figs 1, 3) and therefore 
belongs to the subfamily Mastophoroideae and not to the Lithophylloideae. This non-geniculate 
coralline with cell fusions, a non-coaxial hypothallium and uniporate conceptacles lacking a ring of 
cell filaments perpendicular to the roof, must be included in Spongites. 


Spongites sp. 1 

Plate 1, figs 1-2; Plate 2, figs 5-6 

1988 Lithophyllum sp. 1, Braga and Martin, pp. 290, 295, 297. 

Description. Thalli of monomerous crusts up to 2 mm thick, that give rise to branching protuberances 2-4 mm 
in diameter and up to 10 mm in height. Hypothallium multistratose and plumose, 100-200 pm thick (PI. 2, 
fig. 5). Hypothallial cells irregularly shaped, 18-32 pm (mean 24 //m, s.d. 3*5) long and 10-18 pm (mean 14 pm , 
s.d. 1 -7) in diameter. Perithallial cells form a slightly zoned, irregular grid with a spongy aspect (PI. 2, fig. 6) due 
to cell fusions (PI. 1, figs 1-2). Cells in this part of the thallus have variable sizes and shapes. Cells are 10-22 pm 
(mean 16 pm , s.d. 3-5) long and 10-20 pm (mean 14 //m, s.d. 2-2) in diameter. Some isolated cells or vertically 
arranged groups of cells, which are slightly larger than the average cell-size, may be interpreted with doubt 
as trichocytes. 

Only uniporate conceptacles are present (PI. 2, fig. 6). They are flask-shaped and are extraordinarily large, 
measuring 660—1300 pm (mean 980 pm , s.d. 110) in diameter and 200-700 pm (mean 520 pm , s.d. 60) in height 
from the floor to the roof (not including the pore) of the conceptacle. The conceptacle pore is bordered by fans 
of cell filaments (PI. 2, fig. 6). 

Remarks. This species would have been ascribed in a traditional palaeontological taxonomy either 
to Lithophyllum or Neogoniolithon (see Wray 1977; Poignant 1979) if the larger cells mentioned 
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above were eventually interpreted as trichocytes. The presence of cell fusions in its tissue, and of 
uniporate tetra/bisporangial conceptacles, clearly place this alga in the Mastophoroideae. The 
characters of cells around the pore canal of conceptacles, hypothallium and perithallium are typical 
of Spongites Kiitzing, 1841 within this subfamily (Woelkerling 1985; Penrose and Woelkerling 1988, 
1992). 

We prefer not to provide a new name for this alga because of the current revision of the type 
material of the hundreds of species already established for Cenozoic coralline algae, many of which 
are poorly described and illustrated. A revision of coralline species taxonomy is beyond the scope 
of this paper. 


CONCLUSIONS 

Interfilamental cell-connections can be recognized in fossil corallines using SEM examination of 
polished and etched sections. The recognition of these anatomical characteristics allows us to 
employ the same diagnostic criteria in delimiting genera and subfamilies for fossil and present-day 
corallines. The suprageneric and generic status of some or many Cenozoic species will change after 
SEM analyses of their tissues. This is exemplified here by Spongites albanensis (Lemoine) comb. nov. 
The recognition of cell fusions in tissues of this coralline permits it to be transferred from the 
Lithophylloideae to the subfamily Mastophoroideae. 

The presence of calcified epithallial cells and initials in some recent corallines suggests the 
potential preservation of them in fossil material. The recognition of such features in fossil 
Melobesioideae has allowed us to apply to them the same taxonomic criteria which delimit genera 
of this subfamily in present-day corallines. 


Acknowledgements. We are grateful to Dr W. J. Woelkerling for discussing problems of identifying ancient 
coralline genera, for reading through our identification key and suggesting some minor improvements. 
Funding for this joint work has been provided by the Acciones Integradas (J.C.B.), Central Research Fund of 
the University of London (D.W.J.B.) and the National Science Foundation (NSF OCE 91 1696) for R.S. 


REFERENCES 

adey, w. h. 1964 The genus Phymatolitlion in the Gulf of Maine. Hydrobiologia , 24, 377-420. 

1970. A revision of the Foslie crustose coralline herbarium. Kongelige Norske Videnskabernes Selskahs 
Skrifter , 1970, 1-46. 

-and johansen, h. w. 1972. Morphology and taxonomy of Corallinaceae with special reference to 

Clathromorphum , MesophyHum, and Neopolyporolithon gen. nov. (Rhodophyceae, Cryptonemiales). 
Phycologia , 11, 159-180. 

-and macintyre, l. G. 1973. Crustose coralline algae. A re-evaluation in the geological sciences. Bulletin 
of the Geological Society of America , 84, 883-904. 
bosense, D. w. J. 1983. Coralline algae from the Miocene of Malta. Palaeontology , 26, 147-173. 

in press. Miocene coralline algae and coralline algal facies. In Jordan, c., colgan, m. and esteban, m. 
(eds). Miocene reefs: a global comparison , Springer, Berlin. 
braga, J. c., bosence, D. w. J. and steneck, r. s. 1991. A re-evaluation of the microstructure and affinities of 
some Cenozoic coralline algal genera. 5tli International Symposium on Fossil Algae. Capri {Italy) April 1991. 
Abstracts , 8-9. 

-and martin, J. m. 1988. Neogene coralline-algal growth forms and their palaeonvironments in the 

Almanzora river valley (Almeria, SE Spain). Palaeogeograpliy , Palaeoclimatology, Palaeoecology , 67, 
285-303. 

— and alcala, b. 1990. Coral reefs in coarse-terrigenous sedimentary environments (Upper Tortonian, 
Granada Basin, south Spain). Sedimentary Geology , 66, 135-150. 
cabioch, J. 1971. Essai d'une nouvelle classification des Corallinacees actuelles. Comptes Rendues 
Hebdomadaires des seances de F Academie des Sciences de Paris , 272 D, 1616-1619. 




546 


PALAEONTOLOGY, VOLUME 36 


cabioch, j. 1972. Etude sur les Corallinacees. II. La morphogenese; consequences systematiques et 
phylogenetiques. Coiners de Biologie Marine , 13, 137-288. 
chamberlain, Y. M. 1983. Studies in the Corallinaceae with special reference to Fosliella and Pneophyllum in 
the British Isles. Bulletin of the British Museum (Natural History ), Botany Series , 11, 291-463. 

-Irvine, l. m. and walker, r. 1991. A redescription of Lithopliyllum orbiculatum (Rhodophyta, 

Corallinales) in the British Isles and a reassessment of generic delimitation in the Lithophylloideae. British 
Phycological Journal , 26, 149-167. 

johansen, h. w. 1969. Morphology and systematics of coralline algae with special reference to Calliarthron. 
University of California Publications in Botany , 49, 1-78. 

— 1976. Current status of generic concepts in coralline algae (Rhodophyta). Phycologia , 15, 221-244. 

— 1981. Coralline algae , a first synthesis. CRC Press, Boca Raton, Florida, 239 pp. 

Johnson, J. H. 1964. Fossil and Recent calcareous algae from Guam. Professional Paper of the United States 
Geological Survey , 403-G, 1—40. 

kutzing, F. T. 1841. Ueber die ‘polypiers calciferes ’ des Lamouroux. F. Thiele, Nordhausen, 34 pp. 
lamouroux, j. v. f. 1812. Extrait d’une memoire sur la classification des polypiers coralligenes non entierement 
pierreux. Nouveau Bulletin des Sciences par la Societe Philomatique de Paris , 3, 181-188. 
lemoine, p. 1924. Contribution a Tetude des Corallinacees fossiles. VII. Melobesiees miocenes recueilles par M. 
Bourcart en Albanie. Bulletin de la Societe Geologique de France , 23, 275-283. 

— 1939. Les algues calcaires fossiles de FAlgerie. Materiauxpour la Carte Geologique de FAlgerie , ler Serie , 
Paleontologie , 9, 1-128. 

mastrorilli, v. I. 1967. Nuovo contributo alio studio delle Corallinacee delfOligocene Ligure-Piemontese: 
I reperti della Tavoletta Ponzone. Atti delF Istituto di Geologia della Universitci di Genova , 5, 
153-406. 

penrose, d. and woelkerling, w j. 1988. A taxonomic reassessment of Hydrolithon Foslie, Porolithon Foslie 
and Pseudolithophyllum Lemoine (Corallinaceae, Rhodophyta) and their relationships to Spongites Kutzing. 
Phycologia , 27, 159-176. 

1992. A reappraisal of Hydrolithon and its relationship to Spongites (Corallinaceae, Rhodophyta). 
Phycologia , 31, 81-88. 

poignant, a. F. 1977. Une nouvelle algue Corallinacee Neogoniolithon montainvillense n. sp., dans le Paleocene 
du Bassin Parisien. Geobios , 10, 129-134. 

1979. Determination generique des Corallinacees mesozoiques et cenozoiques. Bulletin du Centre de 
Recherche , Exploration-Production Elf-Aquitaine, 3, 757-765. 

— 1984. La notion de genre chez les algues fossiles. A. Les Corallinacees. Bulletin de la Societe Geologique 
de France. 26, 603-604. 

rabenhorst, L. 1863. Kyptogamen-Flora von Sachsen , der Ober-Lausitz , Thiiringen und Nordbohmen Abteilung 
/. E. Krummer, Leipzig, 653 pp. 

segonzac, g. 1972. Nouvelles especes de Corallinacees (algues calcaires) du Neogene d’Espagne. Bulletin de la 
Societe cFHistoire Naturelle de Toulouse , 108, 280-286. 

— 1990. Algues neogenes betiques. Documents et Travaux. Institut Geologique Albert-de-Lapparent , 12-13, 
35-41. 

setchell, w. A. 1943. Mastophora and the Mastophorsae: genus and subfamily of Corallinaceae. Proceedings 
of the National Academy of Sciences of the United State of America , 29, 127-135. 
silva, p. c. and johansen, h. w. 1986. A reappraisal of the order Corallinales (Rhodophyceae). British 
Phycological Journal , 21, 245-254. 

steneck, r. s. and paine, r. t. 1986. Ecological and taxonomic studies of shallow-water encrusting 
Corallinaceae (Rhodophyta) of the boreal northeastern Pacific. Phycologia , 25, 221-240. 
voigt, E. 1981. Erster fossiler Nachweis des Algen-Genus Fosliella Howe, 1920 (Corallinaceae; Rhodophyceae) 
in der Maastrichter und Kunrader Kreide (Maastrichtium, Oberkreide). Facies , 5, 265-281. 
wettstein, r. r. 1901. Handbuch der systematischen Botanik. Vol. 1. Deuticke, Leipzig, 201 pp. 
woelkerling, w. J. 1985. A taxonomic reassessment of Spongites (Corallinaceae, Rhodophyta) based on 
studies of Kiitzing’s original collections. British Phycological Journal , 20, 123-153. 

1987. The genus Cltoreonema in southern Australia and its subfamilial classification within the 
Corallinaceae (Rhodophyta). Phycologia , 26, 111-127. 

1988. The coralline Red Algae: an analysis of the genera and subfamilies of nongeniculate Corallinaceae. 
British Museum (Natural History), London, and Oxford University Press, Oxford, 268 pp. 











BRAGA ET AL.\ CORALLINE ALGAE 


547 


— and irvine, L. M. 1986. The typification and status of Phymatofithon (Corallinaceae, Rhodophyta). British 
Phycological Journal , 21, 55-80. 

wray, J. l. 1977. Calcareous algae. Elsevier, Amsterdam, 185 pp. 


Typescript received 29 April 1992 

Revised typescript received 23 December 1992 


j. c. BRAGA 

Departamento de Estratigrafia y Paleontologia 
Universidad de Granada 
Campus Fuentenueva 
18002 Granada, Spain 

D. W. J. BOSENSE 

Department of Geology 
Royal Holloway and 
Bedford New College 
University of London 
Egham, Surrey TW20 OEX, UK 

R. S. STENECK 

Department of Oceanography 
University of Maine 
Darling Marine Centre 
Walpole, Maine 04573, USA 


